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S t u d i e s  by  McDonnell Douglas ,  M a r t i n  Mariet ta ,  and 
G e n e r a l  E l e c t r i c  of l a n d i n g  c a p s u l e s  for a 1 9 7 3  Mars o r b i t e r -  
l a n d e r  m i s s i o n  a r e  d i s c u s s e d .  Both h a r d  and s o f t  l a n d e r s  
were c o n s i d e r e d .  S e v e r a l  l a n d e r  c a p s u l e  p o i n t  d e s i g n s  i n  t h e  
2 0 0 0  pound t o t a l  ( 1 0 0 0  pound l a n d e d )  we igh t  c l a s s  were d e v e l -  
oped .  These r e q u i r e  t h e  T i t a n - C e n t a u r  l a u n c h  v e h i c l e ,  and 
might  b e  f i t t e d  w i t h i n  t h e  1 0  f o o t  diameter T i t a n  s h r o u d .  
S o f t  l a n d e r s  a p p e a r  more d e s i r a b l e  b e c a u s e  of  t h e  e x t e n s i v e  
d a t a  return s p e c i f i e d .  L e s s  a m b i t i o u s  m i s s i o n s  more  s u i t e d  
t o  ha rd  l a n d e r s  were n o t  c o n s i d e r e d  i n  t h e s e  s t u d i e s .  
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MEMORANDUM FOR F I L E  

Introduction 

On 25 June and 1-2 July 1968, W. B. Thompson and 
the author attended presentations of the results of three 
study contracts at Langley Research Center. McDonnell Douglas 
presented the final oral report on a study of a Mars soft 
lander capsule. The Martin Marietta Corporation gave a 
summary presentation of their study of direct versus orbital 
entry for Mars landing missions. The second oral report in 
a series of three was given by General Electric in their study 

for 30 July 1968. 
o f  2 ;.:ales h a r d  i311der capsule; t h e  final o r a l  i7epoI-t is p l a n n e d  

Study Guidelines 

A l l  studies were directed toward a 1973 Mars orbiter 
plus lander mission. The orbiter would gather data from a 
high inclination orbit and might act.as a communications relay 
for the lander. The lander would land within 20' of the equator 
and return lo7 to 10 
a lifetime of about 1 day. Longer lifetimes of about 90 days 
were also to be investigated. Various science instruments for 
the lander were specified including a facsimile camera, atmo- 
spheric pressure, temperature, humidity, composition, and wind 
velocity sensors, and an alpha-backscatter experiment ror de- 
termining surface composition. Atmosphere entry experiments 
were also required. A maximum shroud diameter of 15 to 15 feet 
was specified allowing for a hammerhead Titan I11 launch vehicle. 
F o r  the Martin study, entry weights ranging from 500 to 10,000 
pounds were to be studied; "low" entry weights were specified 
for the McDonnell study; and apparently no entry weight con- 
straint was placed on the G.E. study. 

8 bits, mostly imagery, from the surface in 

Langley has directed these studies toward what they 
feel is arepresentative scientific payload for a Titan class orbiter 
plus lander--less than Voyager, but still ambitious. The ob- 
jectives were to investigate direct vs. orbital entry, soft vs. 
hard landing, and get an idea of the size of the entry vehicles 
required--particularly whether they could fit within the present 
10 foot Titan shroud. 
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R e s u l t s  

The M a r t i n  s t u d y ,  d i r e c t e d  toward  compar ing  d i r e c t  
v s .  o r b i t a l  e n t r y  f o r  a s o f t  l a n d i n g  Mars c a p s u l e ,  c o n c l u d e d  
t h a t  t h e  o r b i t a l  e n t r y  mode h a s  t h e  a d v a n t a g e  o f  much b e t t e r  
o p e r a t l o n a l  f l e x i b i l i t y  and t h a t  t h e  c a p s u l e  c o u l d  p r o b a b l y  

r be b u i l t  w i t h i n  t h e  p r e s e n t  1 0  f o o t  s h r o u d  l i m i t .  The d i r e c t  
e n t r y  c a p s u l e  would r e q u i r e  a l a r g e r  a e r o s h e l l  and a d d i t i o n a l  
deve lopment  b e c a u s e  o f  t h e  h i g h e r  h e a t i n g  l o a d s .  S i x  c a p s u l e  

a b o u t  2 0 0 0  pounds and l a n d e d  w e i g h t s  of  a b o u t  1 0 0 0  pounds .  
These  d e s i g n s  i n c l u d e d  S u r v e y o r  t y p e  l a n d i n g  g e a r  w i t h  RADVS,  
v e r n i e r  r o c k e t  e n g i n e s ,  and a u t o p i l o t .  Most o f  t h e  d e s i g n s  
used  p a r a c h u t e s  i n s t e a d  of a m a i n  r e t r o  e n g i n e .  S u r f a c e  l i f e -  
t i m e  beyond two d a y s  was t o  b e  a c h i e v e d  w i t h  s o l a r  p a n e l s  and  
r a d i o i s o t o p e  h e a t e r s .  The T i t a n  111-C/Centaur was c o n s i d e r e d  
f o r  most  of  t h e  d e s i g n s ,  a l t h o u g h  M a r t i n  showed one d e s i g n  
f o r  a d i r e c t  e n t r y  c a p s u l e  w i t h  no o r b i t e r  t o  b e  l a u n c h e d  O i l  
a T i t a n  1 1 1 - C .  
p a r e n t l y  d i r e c t e d  toward  t h e s e  p o i n t  d e s i g n s .  

I 
8 p o i n t  d e s i g n s  were d i s c u s s e d  w i t h  c a p s u l e  s y s t e m  w e i g h t s  o f  

A l a r g e  p r o p o r t i o n  of  t h e  s t u d y  e f f o r t  was ap-  

The  McDonnell s t u d y ,  d i r e c t e d  t o w a r d s  low-cos t ,  low- 
w e i g h t ,  l i m i t e d  diameter  s o f t  l a n d e r s ,  a l s o  s t r o n g l y  p r e f e r r e d  
t h e  e n t r y  from o r b i t  mode. Four  p o i n t  d e s i g n s  were p r e p a r e d  
w i t h  a b o u t  1500 pounds t o t a l  c a p s u l e  w e i g h t  and a b o u t  900 pounds 
l a n d e d  w e i g h t .  NcDonnell  found i t  n e c e s s a r y  t o  assume a re-  
duced  l a n d i n g  s u r f a c e  s l o p e  envi ronment  ( < 2 0 ° )  i n s t e a d  o f  t h e  
s p e c i f i e d  Voyager r e q u i r e m e n t  (<34") t o  f i t  t h e  c a p s u l e  w i t h i n  
a 1 0 - f o o t  diameter  shroud. T h e i r  d e s i g n s  were g e n e r a l l y  s imi la r  
t o  t h e  M a r t i n  d e s i g n s .  

The G . E .  h a r d  l a n d e r  s t u d y  s t r o n g l y  f a v o r e d  t h e  e n t r y  
from o r b i t  o v e r  t h e  d i r e c t  e n t r y  mode. They showed t h r e e  
p o i n t  d e s i g n s ,  one  small enough t o  f i t  t h e  T i t a n  s h r o u d .  La1;ler 
w e i g h t s  were a b o u t  900 pounds;  e n t i r e  c a p s u l e  sys t em w e i g h t s  
were a b o u t  1 8 0 0  pounds .  The l a n d e r  was t o  be  r e t a r d e d  by a con- 
v e n t i o n a l  a e r o s h e l l  and a p a r a c h u t e ,  and would impact  t h e  Mars 
s u r f a c e  a t  a b o u t  1 0 0  f p s .  T h e  l a n d e r  c o n s i s t e d  of  a c y l i n d r i c a l  
i n s t r u m e n t  package  (15'' t h i c k ,  36" diameter )  c a p a b l e  o f  w i th -  
s t a n d i n g  a 1 0 0 0  g shock .  About 300  t o  500  pounds o f  c r u s h a b l e  

ment package  t o  l i m i t  t h e  l a n d i n g  s h o c k .  V e r y  l i t t l e  was s a i d  
a b o u t  t h e  p roposed  mater ia l  or t h e  d e s i g n  t e c h n i q u e  used  t o  size 
t h e  impac t  l i m i t e r .  I m a g i n a t i v e  a l t h o u g h  d u b i o u s  means o f  de- 
p l o y i n g  e x p e r i m e n t s ,  a n t e n n a s ,  and s o l a r  p a n e l s  frorr, t h e  i n s t r u -  
ment package  a f t e r  l a n d i n g  were d i s c u s s e d .  G . E .  has  c o n s i d e r e d  
t h e  problem of  t h e  p a r a c h u t e  l a n d i n g  on t o p  of t h e  c a p s u l e  b u t  
h a s  n o t  d e v e l o p e d  a remedy e x c e p t  c u t t i n g  t h e  l a n d e r  o f f  a b o u t  5 
s e c o n d s  b e f o r e  impact  and hop ing  M a r t i a n  winds w i l l  blow t h e  
c h u t e  away .  

$ impac t  l i m i t e r  was a t t a c h e d  t o  t h e  c i r c u m f e r e n c e  of  t h e  i n s t r u -  
I 
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G . E .  a l s o  c o n s i d e r e d  t h e  m o d i f i c a t i o n s  n e c e s s a r y  t o  
u s e  a ' 7 1  M a r i n e r  o r b i t e r  w i t h  t he  h a r d  l a n d e d  c a p s u l e .  Most 
of t h e  o r b i t e r  s u b s y s t e m s  would r e q u i r e  some m o d i f i c a t i o n s .  
The s p a c e c r a f t  p r o p u l s i o n  and s t r u c t u r e  s u b s y s t e m s  would h a v e  
to be c o m p l e t e l y  r e d e s i g n e d  for u s e  w i t h  a n  o r b i t a l  e n t r y  cap-  
s u l e  b e c a u s e  o f  t h e  r e q u i r e m e n t  to d e b o o s t  t h e  l a n d i n g  c a p s u l e  
i n t o  o r b i t .  

Summary 

The c a p s u l e  p o i n t  d e s i g n s  a re  i n  t h e  2 0 0 0  pound 
( 1 0 0 0  pound l a n d e d )  w e i g h t  c l a s s ,  r e q u i r i n g  t h e  T i t a n  1 1 1 - C /  
C e n t a u r .  They r e t u r n  a l a r g e  amount o f  d a t a  compared to o t h e r  
p r o b e s  which have  been  p r o F o s e d  f o r  t h e  f i r s t  Mars e n t r y  m i s s i o n .  
They c a n  p o s s i b l y  be  squeezed  w i t h i n  t h e  p r e s e n t  T i t a n  s h r o u d ,  
t hough  a l l  c o n t r a c t o r s  showed s e v e r a l  hammerheaded d e s i g n s  which  
were more c o m f o r t a b l e  f rom a c a p s u l e  d e s i g n  s t a n d p o i n t .  

O b s e r v a t i o n s  

The c a p s u l e  da t a  r e q u i r e m e n t s  a r e  v e r y  a m b i t i o u s .  They 
seem more l i k e  s c a l e d  down Voyager r e q u i r e m e n t s  t h a n  t h e  da t a  
r e t u r n  one might  e x p e c t  f rom t h e  f i r s t  Mars l a n d i n g  p r o b e .  Most 
o f  t h e  d a t a  i s  i m a g e r y ,  and  a p p a r e n t l y  t h e  amount o f  imagery  was 
s p e c i f i e d  to i n d i r e c t l y  s i z e  t h e  l a n d i n g  c a p s u l e s .  

L 

The da t a  r e q u i r e m e n t s  r e s u l t  i n  s u c h  a heavy p a y l o a d  
t h a t  t h e  h a r d  l a n d i n g  s u b s y s t e m s  weigh a l m o s t  as much as t h e  s o f t  
l a n d i n g  s u b s y s t e m s .  If t h e  d a t a  and p a y l o a d  r e q u i r e m e n t s  were 
r e d u c e d ,  t h e  h a r d  l a n d e r  would p r o b a b l y w e i g h  l e s s  b e c a u s e  t h e  
w e i g h t  o f  many o f  t h e  s o f t  l a n d i n g  s u b s y s t e m s  i s  f i x e d .  

For t h e  p a y l o a d s  s t u d i e d ,  t h e  soft l a n d e r  a p p e a r s  t o  b e  more 
a d v a n t a g e o u s  b e c a u s e  o f  p a c k a g i n g  d i f f i c u l t i e s  w i t h  t h e  h a r d  l a n d e r .  
G.E. seemed to be  s t r e t c h i n g  to d e s i g n  a 1 0 0 0  pound h a r d  l a n d e d  
c a p s u l e .  The l a n d e r s  were s o  l a r g e  t h a t  t h e y  had  d i f f i c u l t y  
f i t t i n g  them on t h e  e n t r y  v e h i c l e s ,  and t h e  means of  d e p l o y i n g  t h e  
i n s t r u m e n t s  f rom t h e  semi -enc losed  l a n d i n g  package  were uncon-  
v i n c i n g .  

I' 

1O14-PLC- j a n  P .  L .  Chandeysson 
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